A new spin label nitroxide w hich is also a h e rb ic id e o f th e u re a fam ily has been synthesized. The nitroxide spin label d erivative o f d iu ro n (d ite m p u ro n , D T P U ) in h ib its electron flow at the site o f diuron inhibition o f photosystem II (PSII) activity, an d it is also red u ce d by electron flow from one o f the first acceptors o f PSII. T he re d u ctio n o f th e n itro x id e g ro u p o f D T P U is inhibited by diuron or by trypsin trea tm e n t o f th e th y la k o id s b u t not by D N P -IN T o r DBM IB. It is suggested that D T PU binds specifically to and accepts electrons at th e Q B site.
Introduction
D uring recent years it has been established th a t a 3 2 -3 4 kD a thylakoid polypeptide o f ch lo ro p last origin is involved in the form ation o f the Q B site o f photosystem II, and binds urea and triazin e d e riv atives, acting as electron flow inh ib ito rs betw een Q A and PQ [1] . The m echanism o f action o f these inhibitors which are w idely used as h erb icid es is not yet com pletely understood. It has been prop o sed that form ation o f the high affinity b in d in g site o f these herbicides requires not only the presence o f the 3 2 -3 4 kD a polypeptide but also its in te g ratio n w ithin an active PSII com plex and its in te ractio n with the 4 4 -4 7 kD a polypeptides o f reactio n center II [2] , The light dependent, fast tu rn o v er o f the 3 2 -3 4 kD a p olypeptide appears to be related to its function as the protein m oiety o f the Q B site. Furtherm ore, it has been dem o n strated th a t in certain thylakoids such as those o f Chlamydomonas, a free pool o f 3 2 -3 4 kD A polyp ep tid e m ig h t exist in an inactive form , becom ing subject to tu rn o v er only upon its integration in PSII unit [3, 4] , In form ation on the interaction o f the Q B p ro tein w ith 0341-0382/84/0500-0342 $ 0 1 .3 0 /0 its surroundings could be o btained, if a sp in -lab eled probe attached to h erbicide were available. In the present work we present d ata obtain ed w ith a newly synthesized, spin-label urea derivative w hich acts as a specific inhibitor o f electron flow betw een PSII and PS I.
M aterials and M ethods
Lettuce or spinach chloroplasts were p rep a re d as previously reported [1] . Chlamydomonas thy lak o id s were prepared according to Shochat et al. [2] . T he isolated thylakoids were resuspended in 0.05 m Hepes or Tris buffer, pH 7.5, containing 0.4 m sucrose and 0.01 m N aCl.
Ferricyanide or D C IP reduction m easu rem en ts were carried out using an A m ino-C hance d u al wavelength spectrophotom eter, as rep o rted before [2, 5] . M easurem ents o f fluorescence kinetics at room tem perature were p erform ed in an ap p a ra tu s as described by C ahen et al. [5] . ESR m easu rem en ts were done with a Varian E-12 spectrom eter equipped with a slide projector to illum inate the sam ple w ithin the ESR cavity.
C om petition experim ents to assess b in d in g o f D TPU to isolated thylakoids were carried o ut using [3H ]diuron [2] , T reatm en t o f isolated thy lak o id s with trypsin was perfo rm ed at 25 °C , using bovine crystalline trypsin, type III, as previously described [2] , D T PU was synthesized and p u rified by the reaction o f dichloroaniline w ith phosgene. T he resulting isocyanate derivative was reacted w ith the spin label tem pam ine, to give the final p ro d u ct N -(3,4-dichlorophenyl)-N '-(3,3,5,5-tetram ethyl-piper-idine-4-oxyl)-urea. A dditional details are given else where [6 ] , All reagents utilized in this work w ere o f analytical grade.
Results and Discussion
The ability o f D T P U to act as an electron flow inhibitor of PS II was assessed by com p arin g its action to that o f d iuron on ferricyanide and D C IP reduction. The concentration depen d en ce o f this inhibition is shown in Fig. 1 . It is evident th a t D T PU causes a 50% inhibition o f these reactions at 6 -8 x 1 0 _5 m, a concentration considerably h ig h e r than that found for diu ro n ( 2 x 10_ 7 m). T he slopes of the curves are sigm oidal, indicating a co o p erativ e effect ( Fig. 1 ). Since these m easurem ents w ere carried out at optim al conditions for electron flow, one would expect th at the only lim iting facto r in electron flow from H 20 to the acceptors used w ould be at the Q B site blocked by the h erbicide. In such a case one would expect a linear relatio n sh ip b etw een the residual activity (or % o f in h ib itio n ) and the inhibitor concentration. The sigm oidality o f the inhibition curves suggests the presence o f two binding sites w ith different affinities. R esults o f the experiments in w hich D T PU was used as a co m petitor for [3H ]diuron binding, also in d icate th e presence of a non-com petitive and a co m p etitiv e binding site o f slightly lower affin ity (Fig. 2) . T he inhibitory effect o f D T PU on PSII is also d e m o n strated by its effect on the kinetics o f v aria b le fluorescence in presence o f the in h ib ito r, w hich is very sim ilar to that o f diuron (Fig. 3) .
I / /jM Free DCMU In Fig. 4 the ESR spectra o f D T P U in solution and in the presence o f thylakoids are shown. T he spectrum in the buffer is typical o f the fast m otio n lim it and exhibits an isotropic coupling constant o f A0 = 17.25 Gauss. The spectrum o f the nitroxide in the chloroplasts is m ore com plex and ap p ears to consist o f two superim posed spectra: a narrow signal sim ilar to th at in the buffer solution, A0 = 17.37 Gauss, and a b ro ad e r spectrum w hich m ay be identified as that o f a spin labeled m olecule in the m em brane. This signal is too broad to d eterm in e its hyperfine splitting constant. E stim ation o f th e relative concentration o f D T PU m olecules in th e "m em branal" and "aq u e o u s" phases show s the presence o f 90 -9 5 % o f the probe in the bro ad m em brane spectrum and only ab o u t 1 0 % or less contributed to the narrow signal. Fig. 4 c shows an ESR signal o f the spin label tem pam ine in chloroplasts, w hich exhibits only the narrow peak spectrum . As an am ine, te m p am in e was shown to penetrate into the inner space o f the thylakoid m em brane w ithout residing in the m e m brane [7] , and thus it does not exhibit the bro ad m em branal signal.
W hen the chloroplast m em branes in the ESR cavity are illum inated by continuous light, the D TPU signal disappears and slowly rea p p ears in the dark. The spectrum o f the probe scanned in the dark (a), the spectrum taken d uring 4 m in o f illum ination (b), and the spectrum taken 30 m in after cessation o f illum ination (c) are show n in It has been reported before th a t follow ing trypsinization o f isolated thylakoids, a surface exposed segment of the Qb protein is cleaved, resulting in loss of herbicide binding and in h ib itio n o f electron transport [9] . Sim ilar results w ere o b ta in ed w hen using thylakoids o f spinach, lettuce and Chlam y domonas, and when the effects o f d iu ro n or D T P U were assessed on intact or trypsin-treated thylakoids. Electron flow from H 20 to ferricyanide was d ra s tically reduced after prolonged trypsinization. T he residual activity was only p artially in h ib ite d by DCMU or D T PU (Table II) The results presented so far show th a t D T P U inhibits electron flow at or close to the site o f D CM U inhibition, is reduced by electron flow from either QA, AB or PQ pool, and also senses changes in the binding site environm ent o f the th y lak o id membrane. The in hibition by try p sin izatio n o f its light dependent reduction shows th a t the d am ag e caused by trypsinization, possibly to the Q b p ro tein , does not perm it electrons to reach this p ro b e, although still in the m em brane, and this suggests specificity of the site o f its reduction.
